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ised to Describe ocel Confi-urations 


Consol. Photo 
Гит. "o. Μο. 


wing (see Rep. 182) 297029 1, etc. 


hull of Rep. 182 (includes block for 
mounting tail surfaccs 


D with revised hull bottom 
By with revised Гогођоду 


Four nacelles with no airflow (Rev. 182) 

Four revised nacelles 292192 
Tip floats in retracted position at wing 

tips (see Rep. 192) 


oririnel horizontal tail surfaces 


E except elevator profile chon-od 
horizontal tail surfaces for twin-tail 
arrangement 292040 
= Ts with succssive changes of elevator 

profiles 


EN with wex removed between nose of 
G 

stabilizer anc hull 

oririnel central (single) vertical 
surfaces plus outborrd auxilisry fins 
(see note, rir. 14) 

V. except rudder profile changed 

(see note, Fir. 14) 

twin vertical surfaces 297040 
V, minus outboard auxiliary fias, but 
including brackets for fins 


scum Vs with changes of rudder profiles 
> 


Уз + central fin 
Vg with rudder size reduced 
Te with rudder size reduced 


V, with picce of rudder removed at 
trailing edge 


Vs but with no hinge cutout and with 
correct center cutout 


same as V, except incorrect rudder nose 
length corrected (see note, Fig. 14) 
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Consol. Fig. 
Νις. HO. 


sane as V,' except unsymmetrical fin 
profile corrected (see note, Fiz. 14) 


hull fairing 


gun turret (original) 
π η 
faired with wax behind 
292048 
292019 
flow vanes at stern of hull 


supporting brackets for outbourd 
vortiecl surfaces of Vo 


used to simulate slipstream effects 


поје of attack relative to root chord 
of wing, uncerrected ior wind 
е1 wall interference 


angle of attack relative to root chord 
line of wing, corrected for wind tunncl 
wall interference 


stabilizer angle relative to root wing 
chord line 


elevator angle relative to stabilizer 


angle of center portion of elevators 
(over hull) 


elevator tab angle relative to elevator 
rudder encle relative to fin 

rudder tab angle relative to rudder 

олл1о of yaw relative to plane of symmetry 


angle of incidences of the wing relative 
to the deck line 


= angles of richt and left ailerons relative 
to wing chord 


Page 21. 


Dimensions full sesle Medel scale = 1:14 
Pein wing: 
Root section = 1,А.0.А. 23017.2, chord = 20 ft. 
(Ideal) tip section = N.A.C.A. 23009, chord = 11 ft. 


lean nerodynemic chord (МАС) = t = 193.5 in 
il Surfaces 
Horizontal 
Tail Surfaces 


Aspect 
Ratio, si 


“above horizontal tail 


**dimensions are only nominal Гог Tyg (see “in. 16) 
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"i $,5,0,9,11 7,2,10 | 5 


Safty ares. f | | 
ft of 05.2 87.95 14.50 : | i f 
ао ee piso. | total | total | 
hin-e line, | | Н ^9 i ^ i 

ft. { { І or 2 оваа | 


рефе 


i 


72.72 | $9.90 


minal for Уу (see Fig. 16) 
area includes portion ссхокгоб by Hill and aren of tip floats 
(the letter = 59 54.1%.) 
Lorizoztol tail areas include portion covered by hull. 


. to elcvutor “ince Jino = 46 


Teil length = Mj. 
š š ш. to rudder hinge line 
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REPORT ON 


ADDITIONAL WIND TUNNEL TESTS ON A 1/14 Ti SCALE MODEL OF TER 
LE CALE MODEL OF THE 


CONSOLIDATED ХРЕ2Ү-1 FLYING BOAT, 
—— u soni 
WITH PARTICULAR REGARD ТО TAIL SURFACES 
—— AGES 


I. Introduction, Ceneral Description of odel and Tests 
— —MÁ ro 0094 and Tests 


This Report describes the results of wing tunnel tests on a 
1/14%ћ scale model of the Consolidated xPD2Y-1 Flying Roat. These 
tests were supplementary to those discussed in CALCIT (Guezenkein 
Aeronautics Laboratory at the Californie Institute of Technology) 
Reports 170, 170-1, 170-5, and 162. Th experiments were made in 
the closed working section of the 10-foot Wiad tunnel of the GALCIT.* 
All of the tests were made ine speed of about 175 mp. ће, 
corresponding to а leynolds Nunbcr based on mean wine chord of ap- 
proximately 1,600,000. The critical хеупо1сз Number at which а 
15 ол. sphere has a Crag coefficient of 0.3 is about 525,000, 


dicatine а wind stroam with + у low turbulence. ‘The entire model 


wns lacquered and rubbed cowna to e high polish. 


During the course of the invostization, man modifications 
7 А , 


were made. Table 1 (pace 19) rivos the notation employed throuzhout 


the Report in dosimatinr the various elenents anc configurations. 
Several of the component parts of the model are shovm in Firs. 1-18. 
A three-view of the airplane with full-scale dimensions is pivon in 
Fir. 1. On this figure are indicated the C.C. location and the 


mean aerodynamic chord (MAG) ‘sions and locetions which were used 


in reducing the experimental cate. lhe full-scale data which were 


*cf. Clark B. lillikan and А. L. Klein; "Description and Calibration 
of 10-Foot Wind Tunnel at California Institute of Technology", presented 
at the Berkeley meeting, Aeronautics Section of the 5.5. Fe, dune 1982. 
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furnished by the Consolidated Corporation and used throughout the 
Report are riven in Table 2. For details of the model and its 
parts reference iust be made to the oricinal Consolideted Corporation 
drawings fevle 1). 
The tests were divided inte the Tollowing broad groups: 
1) Threc-component measurenents with various modifications 
f deflected elevators; elevator nince moments 
Yewing mente et απ; Ίσα of yaw for various confi rurations 
iffects of ceflected rudders; rudder hinge moments 
4ileron hinge nonents 
The results will ђе discussed in terms of the above grouping in Section III. 
11. of Haki а tations, and of Presenting Results; "otetion 
Tio normal experimental setup is indicated schematically in 
"irs. 19 and 20, and is illustrated by the Photos et the end of the Report. 


The tare dreg and moment of the sı orting system were estimated from 

the experimental results of previous GALCIT investigations. The tare 

creg at the high-speed attitude ог the airplane was approximately 407 

of the total net parasite drag at впд11 angles of attack. A special 

setup for yawing moment at an:les ог yaw is illustrated in Fic. 21 

and descrited in Section 111,8 below. A typical setup for investizatine 

hinze moments is illustrated iu fic эла discussed in Section 111,2 and 

4. 
All drags, angles of attack, and pitching moments were cor- 

rected by the Ni сап and Lotz theories of tunnel wall interference" 

to rive free air conditions. Yewing ond hinge moments were not cor- 


rected for tunnel wall interference. 


"On the Lift Distribution for a ‘ine of Arbitrary Plan 
= У 
ar Wind Tunnel"; Trans, -А. 2.0. » App. Хөс? i 


> m 1 ~ ^ i 3 H H " 1 4 
Lotz, Irmearé; "Korrektur dos Abwindos in kanalen mit kreisrunden 
oder elliptischon juersclnitten"; Luftfahrtforschung Vol. 12, Yo. 5 
(1555). 
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All observations мого reduced to the stanéard American 


system of absolute units, 


dynamic pressure = 
mass density of air * correction was anplied to the 
experinental otserm+i so that in this formula p is to 


be tukon as the free density uncorrected for compressi- 
bility effects, at least un to 200 n.p.h.) 


velocity 


wing area including area of tip floats in flying position 
(see Table 2) 


aerodynamic chord (see Table 2) 
span (see Table 2) 
of movable control surface aft of hinge line (cf. Table 2) 


chord of movable control surface aft of hinge line 
Table 2) 


are the same as those used by the 
tends to raise the nose; vy is positive 


back, and the ancle of yaw, ¿Z 


is nositive on the n is yowe jo the right, Control surface 
smrles ere positive when they increase the lift (or је forse to the 
richt) on the surface. ‘inze monents are positive when they tead to 
decrease the әпг]е of the movable surface in question. 

in certain cases tle parasite drac coefficient Cp. 


Getermimed, the formula employed bein:: 


where AR = азросё ratio = + that the lift 


distribution was assuned 


nts are referred 


referred to the root 


€ nent: onca that tlic plotted experimental p 
represent direct obscrvstions with nc fairing except that the tere 
arar and moment results | faired before b ; subtr&ctod from the 
cuserved total dras 2S 50 


ore 


ions 


ntod three-component date shovinc the 
effects of nasel Те end twin tail surfaces gig. The customary. 
nacelle offsets appear; i.c., increase of eras, decrease of lonrituóinal 


ang decrense cf maxima lift. Addition of teil 


anoroximea 


ited їз approximately ( 


ine rarnsite dras curves are shown in 


surface conf 


Hoov (lerze sentral vertical + Mus au y outbonrd fins rlus 


vanes on renr of null) and of th iginal mun turret И. This teil 
errancserient produces а 

See t 2907 

is about 9.024 ver derrec. 7 irplane characteristics 


are not greatly affected by the гоп turret, oxcert that a consiceratle 
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change in Сү for trim with elevators neutral occurs, The corres- 
ponding parasite drag effects ere presented in Fig. 26. The increments 
ere again civen in Table 3, below. 

In Fig. 27 are shown the characteristics of verious con- 
ficurations with hull ZU i.e., with revised hull bottom lines 
(cf. Fir. 4). The effects of the various comronents ere those usually 


observed. The complete model has a static stability of sbout 


(-ас./а4бу) = 0.189. 


The corresponding parasite crac results are included in 


Fig. 28. The drags of A.D апа qel] ere i cluded in Table 3, below. 


ο» 
The dra; of the gun turret = (ef. Fic. 48) is seen to amount to 


Абу, = 0.0009, practically independent of 00. This inerement is de- 
creased nearly 50/5 by wax fairing behind the turret. 

Run 507, with the large single float attached to the wiaz, 
was made in order to determine the drag of the U.A. C.A. 55 буре of 
float (cf. lig. 12), and has no particular reference to the XPF2*- 
airplane. 

Te results of Runs with the revised bull, 25, are presented 
in Firs, 29 and $C. The effects of turrets, nacelles, and tail surfaces 
are similar to those discussed above for anelo;ous configurations. The 
static stability of the complete model is (ђаво) = 0. 

а comparison of Runs 359 and 260 6 ог het the мах hull fairing 
shown in Photos 11 and 12 caused an increase of drag. This should not 
be considered as conclusive evidence that the rer sed hull 

worse than the original ones i Ч ar cfi'ec':: have often t 
observed at the SALCIT wher fuse hi contcurs have been 
modified Ὃν wex fairing. It is therefore believed that the increased 


roughness of the wax surface my be sufficient to account for the 
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increment of дгаг. The drags cf both turrets, П and Па» are very 


small. The increments due to nacelles and tail surfaces are dis- 
Table 5, below. 

Table Z, which follows, shows the parasite ira; coefficients 
of various major elements based on wing area, and also the "proper 
ere coefficients" of some based on projected area. For nacelles and 
hulls the latter is the total frontal sres including any wing area 
covered by the element. It wes riven by the Consolidated Corporation. 


Yor tail surfaces, the total tail ares of Table 2 was taker. For 


ΤΣ 


nacelles and hulls, Cj, was deter:cined at Cy = 0.50 corresponding 
to an assumed cruising condition. Fer 


tail lord was taken es the abscisse 


M } | 

ir irren, Зи. i > | " roner dra 

З i i est | 
{ өст i 


coeff." Cy | 
VD 


! ES | τ 
рол wang area, | ; ы i= 1720 A/S, 
| 1780 ft i 


| 


| Element 
| 
| 


шы ск Жыл Жар 
Necelles, Пе 
Nacelles, 
Jecelles, 
ке 


πως у ба бе 
| Tail Surfaces 
ce οἱ 0.0627 


Surfaces 
Tail xcd un 0.6030 
1311» Ap КІ) 


The most intercstin results іп Toble 5 are the extrevely 


small value of the cocfficiert C; for nacelles К. and the large value 
т 2 


The effects of wine flars at verious enrles with various 
conficurstions are shown in Fir. 51. 

From the tail-on and teil-off Runs of Figs. 23 and 31, several 
curves of vitchinr-monent coefficient due to tail surfaces have been 


obtained ty subtraction. These are plotted in Figs. 32 and 33. From 


experimental slopes meas 


of 8 


tained 
TOIT fer flying Boats v: 


renrenents 


respectively. The increase in У, with flaps deflected 
v 


стег that with flaps un, which coovrs for Tova, is unusual. 


Tho data of thi 
hinge moment an 
The first ten Virures sive the 
arrenrement (i.6., Τη andiste seat ‘ ining thirty-seven 727 
are concerned with modiriestions to the terin-tail arranzenent, be- 


"Effect οὗ 513 een on t Longitudinal Gtebility 


oncplane"; Jour. "ο 86; ‹ : 10, August 
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ginning with Ба. The kinze-monsnt data were obtained by the customary 


GALCIT procedure illustrated in Fir. 22. In thie method, hinge moments 
are applied to the. zoran: urface by means of а fine piano vire at= 
tached to the trailing edge. ‘The angle азѕшлоб by the surface under 
the influence of this hinge moment is then olserved visually on a 
protractor scale fastened tc the model. Tefore making any such mun, 

a careful check was mice to insure that the friction in the hinses 

was small enough to be negligible. All hinge moments have been cor- 
rected for any “stetic" је moment which appeared (i.e., а 
measurable unbalance of the system with the tunnel airstream ££)5 
but no attempt has been made to correct the hinge moments for aero- 
dynamic tare moments of the piano-wirc ricrin: syste. 

One new eloment of technique was introduced in the vrecent 
tests. Simultaneously with mony of the hinreenoment Runs, readinss 
were telen on the normal tlree- or six-component balances to determine 
the characteristics of the model with various elevator deflections. 

In the computation of these date, the lift anc pitching moment ine 
troduced by the hispre-zonent wcizhts hanging from the model have been 
subtrected from the respective measured values. However, no correc- 
tion has been made for the additional tare drag or tere moment caused 
by the piano wires. results of these Runs have, in most cases, 
been plotted as in 77 8 στο sso, 68 functions of e 


for various angles of attack, and, below, с vs. C, and cross-plote 


, L 
Included in many of the VYirures аге drawincs 
tcr pro 1 of the 
question. 
The hinge=moment and r3torin; ment data Гог severnl of 
the confiruretions were supplemented by elevntor-free stability Runs; 
i.e., ltuns in which the lift 


E and pitching moment were determined 


тт 


LUIT 
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as functions cf the angle of attack in the normal manner but with 
the elevators free to rotnte on thei 
clevator hinre-noment rir 
sufficient ni му ras plied throusr then to cowrteract the 
static unba ) ne eva sor: us i ing moment and lift wero 
corrected for this tare weight, out τοῦ Гог the presence of the wires. 
з were observed 

and recorded. 
observed during elevator-fres tests were ia poor arroenm 
aneles for б е = 0 for the same confirurstion and angle of attack 
as cetermined from tho hinse-nonen Ú Ë Nis occurs in all the 
elevater~frea kung in Piss. 55-42, i.¢., 

fence it appear int there was excessive friction or other 

sfactory Ὀσατέης conditions 

were apparently renodiod in the revised tails (B, зо), for soog 
arreonent was found between all subaecuent elevater-free and hinze- 
moment Runa with tle exocetion of two cases which are discvssed below 
(Pigs. 51 and 67). 

Тло meneral vrococuro iu these tests consisted of careful 
study of the data 
of the tail arran: 
In view of this 
this section will ho confined vrimnrily to the nost sat 
confi miretions. 

taspresanted. 3: 1 54-45 πο certain characteristics 


p 


of the oririnnl horizontal зиггасе i and 19, which differed only in 


the or Moree olevntor-baleico nose, Ss sketched 


slove of th 31nre-moneu c os for Hy with 


ns. бохрагївоп of 


stant in slope. 
l stabilitr is 
with cleynters free with this tab linkage in use (Run 99). 
inste ity t LOWE TEJ th the linkages of 
i with the А arranzed so thet 


lative to tie clevator whon the elevator 


The eppearance of non-vniforidty; in ‹ 1 with ancele 


of айо} (всу а ) with r 36) 3 to renetition 
of Run 80 in Run 1 

indicated. The azreenent be an th ; Runs is fairly rood 
in regerd to the slopes dC ος : Cf de + the murmitudes of 
ση, бо not esrec. а tho, t зго мос removed from the model 
between the tyre sets of Runs 16. discropa: have been caused by 
errors in reproduc 


setting is 


aveilsble from elc 


. 30 were intended to simulate, 
of slipstream on the tail. The 
ад over the central portion of 
ail by а screen, G (of. lir. 17 and Photo 8). This had the ef- 
fect of woightinr 
minner nnelorous $a $13 ht. Althourh the 


aerodynamic belence arca of the ions outbeard wes relatively 


greeter than inboard indications of overbalance appear in Pir. 38. 


st the coefficic pletted have teen 


besed vron the frecestream value cf с, the dynamic pressure. Tence 


iltucs of the sloze асбе is not а measure of the 


slipstream effect, and only its sim is any interest. 
20-41 ἦγε the effects o? wins flans and elevator 
hinge moments of 2: firs. 4 -5 show that а small 


elovetor-fro- 


flection, 


dras date concerning the 
flaps; up aud dorm The: pit ig monents produced by 
etiens are relatively The maximum stall 
"ration 
some adverse 
Firs. 47-50 show the 
icus confirurations. 
teil assend 
ε 
extremely larte 


artic: 


το little 


relation 50 í бї in τας. 50 it se ргогаъ1ө that 


the sudécou changes of ог. соге ор which appear were caused 


elevater-free stability with flaps 
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In Runs 100 and 101, with Мама, (cf. Ріг. 10) it ms 


found thet the square elevator nose produced violent overbalance, 
and the Runs were not completed. No readings were made of the hinge 
moments or pitching moments. 

Figs. 56-56 show the results of a progressive series of 
modifications to the elevator nose of Bat In Hg the sharp corners 
were slightly and symmetrically rounded, in Па the lower corner only 
was further rounded, and in Те the upper corner was rounded to matoh. 
The corresponding hinge-uonent curves show a consistent incroase of 
stiffness for small ceflections, torether with a decrease in stiffness 
for large deflections; i.c. , ἃ Consistent tendency for the 
to become straivhter. 

In Fiss. 57-62 nro shorm the clevator characteristics with 

differs fron Fy сму in the width of elevator-stabilizer gap 

10). In Pig na 5 sem that the hinge=ncment 

Hg are practically unifor: in slope over a 409 ranre of 
deflections. The mean slope for +) 1 is approximately 
EC = 0.006 per degree. Tha slone d u ἄ15ο appears to be 
nearly uniform. Тһе stalling moments produced by elevator deflections 
are larrer than in опу of tke conficurations discussed above. In 
Fig. 59 it is seen that rudder deflection does not appreciably af- 
fect the elevator hinge moment. Firs. CC апе ^l gi the elevator 
tab effectiveness at two ancles cf attack. Also in Pie, GO it is 
seen that en elevator-free stability of (-ἑ0; /ecz) = 0.15 is obtained. 
This is nearly 8075 of the elevator-fixed stability (cf. 
effects of δε] and 3:1 tab linkazes are shom in Fig. 62. Either 
14ηΚασο has the effect of reducing ас; /de to about 0.005 per degree, 


and an elevator-free stability of 0.14 is maintained. 
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Fig. 63 consists of a collection of elevator-free stability 
data for the twin tails discussed above. The superiority of Hg is 
apparent. 

In Ho (Figs. 64-66) the aerodynamic balance area was in- 
creased as indicated. The characteristics of the elevator are similar 
to those of Hg, except that the mean control stiffness is decreased to 
slightly over 0.005. The percentage of balance area was again in- - 
creased in F10 (Fig. 67), but at the expense of uniformity in both 
der /de and dCg / де + The elevator-free stability test with Hyo 
(Run 207, Fig. 67) was apparently made with excessive friction or 
interference between parts, which caused the elevator angle to vary 


erratically, as shown. A slight improvement in this regard, at least 


for negative elevator deflections, was obtained in Нуу (Fig. 68), 


in which the lower part of the balance portion was cut away slightly. 
Elevator-free stability curves for He ο 11 are plotted in Fig. 69, 
where it appears that the elevator-nose modifications had little 
effect. 

In Ріг. 70 are shown the hinge-moment characteristics of 
Figs which was the same as E except that the aerodynamic balance 
portion was made slightly thicker in profile. A slope асн, /de = 0.004 
per degree was obtained for small deflections, but the curves are not 
straight and the undesirable crossing of the curves for various aus 
remains. 

Figs. 71 and 72 give the results of several unsuccessful 
modifications to the elevators. These changes, which are explained by 
sketches and notes on the Figures, all produced rather undesirable 


hinge-nonent curves. 
5 
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Hig (Figs. 73-76) had а slightly unsymmetrical balance profile, 
as indicated. Its characteristics include an average stiffness of 
about 0.005 per degree, nearly uniform over а 240-269 range of de- 
flections, and a uniform elevator-free stability of 0.14 (flaps up). 
There is a tendency for the Cg, curves for various ¢,,'s to run to- 
gether at small positive velues of e, but no definite indications of 
crossing appear. The stalling moments due to elevator deflections 
are large. The attempt to simulate conditions with slipstream was 
repeated with this configuration (Fig. 75), and again по overbalance 
resulted. 

Figs. 77-80 give the elevator characteristics of Нуз and Hyo, 
which were equipred with elevators with asymmetrical balance profiles 
which varied along the span, as indicated in the sketches. Of these 
two configurations, !ijg had slightly greater aerodynamic balance area 
and its balance noses were sharper in profile. The hinge-moment curves 
for Нур have about the same slope (асне/де) for small deflections as 


those of Ἡρ or H above, but the slope is uniform over a range of 
9 16” , Ls 


only 209-229. In the case of 19. the slope is somewhat less, but the 


range of constant slope is still less. One extremely undesirable ef- 
fect appears in Figs. 77-80; i.e., a serious decrease in the maximum 


stalling moment available from elevator deflections. 


3) Yewing Moments at Angles of Yaw for Various Configurations 
(Figs. 21-85) E LPNA τς 


Fig. 8l shows the directional stabilities of various con- 
figurations in which the components of the tail arrangement HoVov 
were progressively added to the model. The effect of the hull fairing 
Fo (cf. Fig. 4) on the model minus tail is also shown, and it is seen that 


this modification increased the instability of the hull at large angles 
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of yaw. Addition of the horizontal tail, Ep, with the brackets, b, 
for the auxiliary fins reduced the instability at large ansles, but 
subsequent addition of the tail vanes, у (cf. Photos 5-7), on the 
stern of the hull had little effect. A curious, asymmetrical dis- 
continuity appears in the curve for Run 9 between У = 3° and 


v = 6°, Indications of the same effect are seen in Run lO. The 


central vertical tail surfaces, when added to this configuration to 


form Полу, produced an average directional stability of (-dc,/a¥) 


= 0.0007 per degree (for -15° < Y < 15°). A pronounced loss of 
stability occurs in the curve for this configuration (Run 8) near 

y = 09. Moreover, the asymmetrical behavior near # 3° noted 
above appears again. The yawinz moment due to the vertical surface 
(Run 8 minus Run 9) is very nearly a linear function of 2 . The 
addition of the auxiliary fins to !5V4v forms the complete empennage, 
HoVov, which has a stability of 0.0010 per degree (average for -15? < 

Ф € 159. This is somewhat less than usually recomnended for 
flying boats. 

In Fig. 82 it is seen that the addition of Hs (which has 
considerable dihedral angle, cf. Figs. 1 and 9) to the model minus 
tail decreases the instability greatly, especially at large angles 
of yaw. Again the vanes v have only a minor effect. Addition of 
the vertical surfaces produces a stability of 0.0013 per degree 
(average). The indicated slope near zero yaw is considerably less 
(about 0.0005 per degree). Again this is an effect carried over from 
the characteristics of the model minus tail, for the yawing moment 
due to Уз is nearly linear in Ф . 

The effects of changes of nacelles and hull are seen in 
Fig. 85. The increased instability with the large nacelles, Ng, is 


noteworthy. Ву is also slightly more unstable than B, as would be 
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expected (of. Fig. 4). Tho complete configuration (Run 372) has a 
stability (average) of about 0.0013 per degree, which is not affected 
by addition of gun turret Mge Fig. 84 shows the effect of HigVij on 
the model with B, and Ng. The average stability produced is about 
0.0012 per degree, and again the addition of turrets has no appreciable 
effect. 

The tests reported in Fig. 85 were conducted in an effort to 
determine the interference effects of the yaw-at-yaw rigging system оп 
the vertical tail surface. A pitot tube was attached to the model in 
three different positions near the vertical tail location, as shown in 
Fig. 85 and Photos 13 and 14. The angle of yaw of the model was then 
varied in the usual manner and the variation of the dynamic pressure 
at the tube was determined. The results are plotted in Fig. 85 for 
the three pitot-tube locations. It is apparent that a wake was en- 
countered behind the rigging strut (i.e., at Y = 09 for вода не 1 
and 2) and behind the rigging wire ( ^ = -69, Position 3). In both 
of these wakes the dynamic pressure was 12%-15% lower than outside. 
The conclusion to be drawn is that tests made in the present GALCIT 
yaw=at-yaw rigging system may indicate irregular results in cases 
where any vertical tail surface lies behind a rigging wire or strut. 

It is important to reconsider the data of Figs. 81-84 in 
the light of these results. Since the yawing moment due to vertical 
tail surfaces is nearly linear in “ for both Run 2 and Run 8 in 
Fig. 81, it appears that no appreciable strut-wake effect oocurred. 
However, the curves of Runs 1, 372, 575, 366, and 367, in Figs. 82-84, 
show slight decreases in yawing moment due to tail at $ = #69, as 
compared to smooth curves faired through the other experimental points. 
It is possible that this is the effect of the rigging-wire-wake on 
the outboard vertical surfaces. The effect is not great enough to 


alter the conclusions of the preceding paragraphs. 
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4) Effects of Deflected Rudders; Rudder "inre Moments 
Figs. 86-106 


The rudder hinge-moment data presented in this section 
were obtained by the usual GALCIT hinge-moment method as described 
in Section III,2 above. In many Runs the yawing moment balence was 
read simultaneously, and the procedure in computing and presenting 
the results was analogous to that described in detail above. The 
results discussed at the end of the preceding section indicate that 
all data obtained with a central vertical tail surface at V = 0° 
or with the twin vertical surface arrangements at Z š 25° are to 
be considered ERIS unreliable. 

Figs. 86-88 are concerned with the characteristics of 71, 
V2, and Vp', which were all discovered to be of faulty construction, 
as noted in the Figures. Fig. 89 shows that Non, which was accurately 
made, had an averare rudder-control stiffness of асц /ar = 0.004 per 
decree, but that this slope was not uniform and that overbalance 
occurred for all but two angles of yew. The maximum yawing moment 
obtained (cy = 0.0235) is rather small, The variation of hinge moment 
with yaw angle (dC; 749) is not uniform. The rudder-free directional 
stability curve is difficult to interpret, and probably indicates 
friction in the rudder system. 

Figs. 90 and 91 show the characteristics of the rudder in 
Уз with horizontal tail Hg in use. Fir. 92 gives the same data for 
Уз with Fy gs hence the two sets of data should show the same results, 
since Н. апа к differ only in elevator-nose profiles. However, the 
hinge-moment data of Fig. 90 were obtained with only one rudder in 
place, while those of Fir. 92 were obtained with both rudders attached 
together. Comparison of the two sets of curves discloses fairly good 


agreement for negative values of r, but poor agreement for positive 


№... کے کے‎ o эрд. ead, -- 
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values. In view of the asymmetries of the curves of Fig. 90, it 

seems probable that they are the less reliable of the two sets. 

Fig. 92 shows a mean stiffness of dcg /ar = 0.005 per degree near 

the symmetrical condition, approximately uniform stiffness for about 
20° of rudder deflection, uniform dC; νὰφ, large yawing moments 
available from full deflections (су = 0.056 2% y = -15° end r = -247). 
Figs. 95 and 94 give the rudder tab effectiveness with Vg» In Fig. 95 
it is seen that a 2:3 tab linkage reduces the stiffness slightly, but 
also causes some crossing of the curves. A 1:1 linkage reduced the 
stiffness still further but produced overbalance at angles of yaw 


different from zero (no data were recorded). In Fig. 96 it is diffi- 


cult to recognize any consistent апа definite effects on the direotional 


stability. 

Fig. 97 is a compilation of directional-stability curves 
for verious single, twin, and triple vertical tail arrangements. 

The rudder-fixed stabilities have been discussed above, with the 
exception of that produced by Vg, where Vç = Vg * & central vertical 
surface. It is seen that the central surface increases the stability 
by about 0.0003 per degree. The rudder-free stability curves are 
again difficult to interpret, but it appears that the stability is 
somewhat greater with Үз than with Уз, 

In Figs. 98 and 99 are shown the characteristics of two 
rudders which differ from those in Уз only in the profiles of their 
aerodynamic balance portions. The data of Fig. 98 were taken on the 
right rudder only, and exhibit the same type of asymmetry as noted 
above in connection with Fig. 90. ‘The sharp projecting corners in 
Vg Produce а small control stiffness for small rudder deflections, 


but this is maintained over only a small range. The rudders in Vo 


ы > 
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have about the same stiffness as those in Vs (cf. Fig. 92) for small 
deflections, but they аге less stiff for large deflections; i.e., 
maximum rudder deflection may be reached with less control force. 
The maximum yawing moment coefficient produced at Yo -15° is 0.038 
at r = -25?9. This is greater than for Vs. 

Ууу, the characteristics of which appear in Figs. 100 end 
101, was the same as Vg except that the rudder hinge cutouts of Ys 
(i.e., the portions of the rudder balance cut away to provide passage 
for the hinge supports) were corrected to agree more closely with 
the twin tail arrangement which was used in flight tests of the 
XPBZY-l airplane by the Consolidated Corporation. Comparison of 
Figs. 92 and 100 discloses that the small additional aerodynamic 
balance area did not appreciably affect the control stiffness near 
re 097 and that the stiffness for extreme deflections was slightly 
inereased by the change. From Figs. 94 and 101 it appears that the 
tab effectiveness was not appreciably affected. 

Fig. 102 gives the characteristics of the outboard rudders 
in Vos which was the same as Ve 


were moved aft and the rudder area decreased (of. Fig. 16). The 


» except that the rudder hinge lines 


hinge-moment curves (based on the new area and mean chord) show an 
average slope for small авеста of acy /àr = 0.007 per degree. 
They are roughly uniform in slope over a range oe abont 25°. There 

is some indication of non-uniformity in Сн V/ à - The yawing moments 
produced by rudder deflections are very great (су = 0.042 at 4 = -15° 
and r = -24°). The rudder-free directional stability is large and 


reasonably uniform, 


ens : 
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Fig. 103 shows the rudder-free directional stabilities of 
various configurations. The stability with Ур (i.e., Vy minus central 
fin) with tabs neutral is about the same as that with Ve (1.0. , Vg + 
central fin) with а 218 tab linkage. The stability with V, is con- 
siderably greater, due to the effect of the additional vertical tail 
area, 

ү. 


10 
Vg, 88 indicated in Fig. 16. Its characteristics are shown in Fig. 104, 


was formed by trimming off part of the rudder area of 


where the hinge-moment coefficients are based on the "nominal" area 
and chord (same as Vg) rather than on the actual values. This enables 
one to obtain a comparison of the stick forces with Vg and Vio directly 
from the σης curves. From а comparison of Figs. 104 апа 102 (note 

that the rudders of V, and У, are identical) it appears that the 
control stiffness has been decreased to dCy / dr = 0.005 per degree 
(average for small deflections) and that the yawing moments obtained 
from rudder deflections have been considerably deoreased. The maximum 
yewing moment obtained is 0.032. The rudder-free stability was also 
deoreased by the change. 

The curves of Figs. 105 and 106 are the results of а brief 
investigation of the tare hinge moments produced by the struts which 
were used to connect the rudders in the twin-tail configurations 
(4.6., in Vs, 6-11): The struts аге pictured in Photo 9, where it is 
also seen that a small "sting" or bracket projected from the trailing 
edge of each rudder in these tests. Fig. 105 shows the results of 
replacing the strut by a piano wire. The slope доң /ar was reduced 
about 0.001 per degree (for small deflections) by the change, and Cy 
curves were not appreciably altered, and the rudder-free stability 


seems to have been increased slightly. Use of the wire connection 
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